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(54) MANUFACTURING METHOD OF GLASS FOR GLASS SUBSTRATE USED IN WDM OPTICAL RLTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a glass substrate with fewer bandpass drift by a 
temperature change, which is suitable for optical wavelength division multiplexing(WDM). 
an optical filter, an optical multiplexer/demultiplexer, and a manufacturing method thereof. 
SOLUTION: When glass substrate materials of the optical filter having the glass substrate 
and a dielectric multilayer are formed with a constitution and an average linear thermal 
expansion coefficient according to the dielectric multilayer, the wavelength drift by the 
temperature change can be reduced and also exfoliation of the dielectric multilayer can 
be prevented. The glass substrate materials include St02. R20 (wherein, R is an alkali 
metal) and Ti02 as indispensable components. The average linear thermal expansion 
coefficient in the range of 100 x 10-7/K-130 x 10-7/K is aictualized by adjusting the 
content of the indispensable components. 



w CJC«CW 



































A 10 BD 
— — ^ 


■ m 







































LEGAL STATUS 

[Date of request for examination] 07.02.2002 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the examiner s decision 
of rejection or application converted registration] 

[Date of final disposal for application] 

Z:^^!^ "=<EST AVAILABLE Cnr» 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner s decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998.2003 Japan Patent Office 



http://www1 9.ipdl.ncipi.gojp/PA1 /result/detail/main/wAAAkway9TDA41 4321 939P1 .htm 2005/04/27 



THIS PAGE BLANK (uspto) 



a9)0*S#W;f (J p) 



«2) t& ^ # 1^ ^ ^ (A) 



#^2002-321939 
(P2002- 321939A) 
(43)^>K H ¥J*14^11 ^ 8 B (2002, 11.8) 



(BDIntCl/ 
C 0 3 C 3/095 
3/062 
3/083 
3/085 
3/087 



F I 

CO 3C 



3/095 
3/062 
3/083 
3/085 
3/087 



2H0 3 8 
2H0 4 8 
4G0 6 2 



OL l± 12 H) Sd»M\zm< 



(21)fflH»# 


i^S2002-30288( P2002-30288) 


(71)tHSA 


000113263 


(62)i)-tl<oa^ 


i|#S2000-230757(P2000-230757) CD 












SCSaKBr^KflS^ 2 TB 7 S 5 ^ 


(22)iUBB 


5FJ*12^ 7 ^ 31 H (2000. 7. 31) 


(74) 


100071272 












6 0/1 4 6 3 5 S 






(32)«5feB 


iJz^Kl l^ 8 ^ 2 B (1999. 8. 2) 








*5I (US) 















(54) [«MO=fi»] WDM3t^7>/Jl/3'— fc:«M*n<&:!jf7X^ffl^f5x©«iS:*^ 



(57) [giW] 

<. :L<D/tif). ^(om^'S^m^Mit (WDM) 

C i let: y . iag^<bfc <fc SJSRO K U 7 K «l£j€T# 

i0 2. R2O ((IL. RliT^U^JU^/ajfc^) , S 
SSIt:'S C<tlCJ:oT. 100X10-7/K-130 



1 



A 
X 



0 10 30 ao 40 so 60 



■r-sciicjcij. iaSilH- 3 o°cd^-e.+ 7 o°cicteit 

^^mmmmmmi&tf 100x10-7-130x10 
[000 1 ] 

«>3tCDaS«»iiJ^a-fk (wavelengthdivi 
sion multiplexingv BSUTWDM) 

[000 2] 

— (i. WDM (w avelength divisio 
n mu I t i p I e X i n g) ffl5t^7-<;U^-<!:fl¥ 
tftlTteU , I^M^ 1 0-3398825 ^^A^. <mm. 
¥1 0- 5 1 2 9 7 5^iiiJlCl£lS$nfc*)C0***De>tl 
TINS. 

[00 0 3] c:+ie)Oil^«{clEttsn;t3t^7^;u^- 

li. ;y'5XS*S±lC. Si02. Ti02> Ta205 

nxiN-s. 

[0 0 0 4] 

[l6MA^»;*bJ:pi:^-5SS] tc^f. ifi^. 

S-I^K5g«IStlctS#-rsc<i:=t)«&$nTU-5, (Haru 
0 Takahashi, AppI led Optics. vol.34[4]. pp. 667-67 
5, 1995) « 

[0 0 0 5] ccoXffiiJ-Cli. ;tf7Pl««Oi^KSg^lf!c*« 
J: y 'h* iM©^. mffiiSSfe/t y WA^ K/t;^* 'CvsSg 



[0 0 0 6] hA'A^lNti^. l^ffl5aS©^«I(C 

-f;i'rJ'-imtOlEi!iAtG2lffiS«SiJP8L/TU*l\ 1^3 

[0 0 0 7] jfis^M(Dffiffigikic#i\. <fcuagsi!) 

[0 0 0 8] iaSSSttS:B«>-5IC(i. 3t^7-i';i'^- 

L.. mizMm^m^-mwz/3:i^^^m^^^!sim.^tfi 

[0 0 0 9] ^HTIS. ±aSU/!:J:e>;S:A>K/"<X©tf 
'ilx»S(D;Sg H U 7 3tiHtlCfc(t-5SSgSfk*ia 

[0 0 10] 3t^7w-;u^-ii. 

[0 0 1 11 C05J:5i;5:WmroT. /N'^K^I 

fZ5t^«ilStl«:lS«^ S C <!: «r S W t -r S . 
[0 0 1 2] X. *l6l§<Dfte<Difl<H*, its:<D;tf^;^/sK 
j«S^iiJ$a<kffl5t^7^-;Ut5'- 

i!{jtt--5 75-;±^ti«-r -5 C <t « a W <h t- -5. 
[0 0 13] 

[sii*<sj*-r-5;t(ftw¥Bi] ig 1 mmizm 

^oT. S i O 2S-#*^. iSSiEH- 3 0''Cd^e.+ 7 0 
°C(cfc(t-5¥teJiiS»K5i<^i)(A^ 100X10-7-13 
0 X 1 0 - 7/K-C"S>-S:^*7^;!)^e)/j:Sci:^!^g4<!:-r 

[0 0 1 41 |g2(Dlg1«(i, ^®ics«@^-rs<i;e>ic 
it^^mm^m^\^. stcois^^-iij^m^kcofctooiit^ 

tUT. Si02v R20 (fe/fU R tt7';l'* UifeH 



(3) 



12002-32 1 939 



Ttm^Tjk-t. ) . T i o 2 mi^ik>m&i^(D^m 
[0 0 1 5] ig3(os«i(i, mm\zmmmm't^j:v\z 

tUT. Si02. R2O irzfdU. RltYJi^^U^m 

Ttm^m-to ) > T i o 2 mu'S^mm6^i^A^<D 
[0 0 16] m4(ommu. m2(Dmm. mscDmmiz 

S i O 2 3 8 — 5 8^;U%. 

T i O 2 7 — 3 0^;U%. 

A I 2O3 0-1 2^;U%. 

;5iO'^MT'l 5-4 0^;U%<DR 2O. ^#t/C<b*!t# 

[0 0 1 7] msommit. m4<omM\z:^i^T. R 2 

N a 2 O 10 — 2 5^;U%, 

K2O 4—1 5^;u%. 

[0 0 18] m6(ommit. m2<Dmm. mstDmmiz 

S i O 2 3 8 — 5 5^;i/%. 

Na 2O 13 — 2 5^;U%. 

K2O 2-1 5=EJ\^%. 

T i O 2 10 — 2 S=E)\^%s 

A I 2 O 3 0. 5 — 8t;U%. 

[0 0 1 9] mi(Dmm\^. ^2-6(^,^«1C5oCNT. 

# t/ C <h f -5 1> ODT ^ ^ o 

[0 0 2 0] S8<75ffi«l(S. ^7(D«g^(CfctxT. frJIE 
R' 0(7)^«X><2-1 5^;U%T*-5C<t*iHS8t<t:'r'5 

[ 0 0 2 1 ] ig 9 (ommt.. m 1 (Drnrn. ^ 8 (omm\z 

MgO 0 — 1 3^;u%. 

C a O 0-1 ot;u%. 

S r O 0— 8^;i.%. 

BaO 0-6^;U%. 

Z n O 0-1 o^;u%. 

[0 0 2 2] m OCD^SKi. ^7-9(7)fii«(CfctN 

MgO 1-^1 3^;u%. 

ZnO 0.5 — 1 ot;u%. 

Sb2P3 0— l^Jl/%. 



[0 0 2 3] mi 1 (DW3k\%. ^2-1 OOfliaUcfctx 

Z r O2 0-2 

Hf02 o-2^;u%. 

La 2 0 3 0-2^;U%. 

Y2O3 0-2^;U%. 

[0 0 2 4] ig 1 2<o,^aifi. ^2- 1 1 <nmmz^K\ 

T. i^SKH- 3 0"C/?^e»+ 7 OriCfclt-S^i^iSI^^ 
5i^lKX>^ 1 00X1 0-7^1 30X1 0-7/K 

[0 0 2 51 1^1 3 0lg«|(i. SI 2(7),^^IC^C\T. 
iSgiGH- 3 or;0^t>+ 7 0*'C(cfclt^¥l^jg^jK5S<l& 
£fc/in 05X1 0-7-^1 20X1 0-7/KT^^C: 

[0 0 2 6] % \ 4(Dlgaifi. SI -1 3C0S1t(CfcC\ 
T. 5 5 M P aJU±-C«>^C<i:^t#e4<i: 

[0 0 2 7] SI 5 CD^^BIIi. S 1 - 1 4 <r>mM(Oii'y 

[0 0 2 8] SI eCQl^^fi. Sl 5(D^«||CfcC^T. 
/\'> K/tJ^+zC^-jg^ficO;^® K U :7 hX?^'± 0 . 0 0 2 5 n 
m/ K lUrt Tfe^ C <*: <t -r -5 t)<DT^ 

[0 0 2 9] Si 7 (Dl^aili. S 1 5 (DmM. S 1 6 O 

[0 0 3 0] SI 8<^^«S(i. ^MlCSSSB^-r-SJc^ 

J^'^X^fi^T^^Z^UjbU^M^^bl^lR 2 0<hT i O2 
cO#W»^PilU. >^g$eH-3 O"'C;0^e+ 7 O^'Clcfc 
It-5¥±^^^lK5i<SaX>^' 100X10-7-130X1 
0 - 7 / K (D^^;^^f#^ C i ^!HJa<5: f -5 t>cZ>Tfe 

'So 

[0 0 3 1 ] Si 9(Olsa|(d:, SI 8(0l^a||cfctNT. 
3^^^:7^;i.^-(7)ffifflSa*lcfC^t>#T. HUiSfflgHSlC 

:7 hX?^ffi/h<!:/ci:^J:e>fC. R 2 0<!:T i O 2 cD^Wm-^: 
[0 0 3 2] 

[0 0 3 3] :^^:;^Sffi(i\ ^coaMlciS^^^^^t" 



^||f 2002-321 939 



[0 0 3 4] mzm.murzJ:v\z. i&mi^m^mitTit 

[0 0 3 5] ^^y^)\^^-fi^'^mLit{zm^n^t.. 
^7.m^^^Jii^:tjiSif^:it\zf3i^^ c<Di£^(Ccfc 

iRmzj:^mmmitf3:^t)m^^ntiii. 'Ammt 

izj:^^^^mm^(D^^mmt^imx^^^. f^ar 

-t^iZit. -3 G-^+T O'ClCfclt'5:^-^X»t50C>¥i^ 

1 00X1 0-7^1 30X1 0-7/ 
K . U<(i1 05X1 0-7 — 1 20X1 0-7/ 

[0 0 3 6] 1U±. §i^U/cJ:e>(c. ^S^iklCcfc^^ 
mMm^t^i&i^'t^ftisblzit. ;^'^XSS<t3t^^a)K 
<!: coSSa^ $ n)t STitv ^ ^± ^ it -5 ^ -5 1> 

iz. mmt^mm^mmurzyt^^mm^^j 

"to^itisb. ±i^f^f}\z^'oxit^t^mmt)m^m^^n 

[0 0 3 7] mi (Dmmit. i^mmm-z o^ot^^ + i 
o''c[z^\^^w-mumm^%mu ooxi o-7~i 

30X1 0-7/K. »*L/<(i1 05X1 0-7-1 

2 ox 1 0-7/KT?*y. S i 02«^t;i/^;^S*Jg 
;&^T^. S i 02*^*^^^tt(Ccfcy. :^'p7.<om^ 
[0 0 3 8] ^cfc. mi <D^.«T(i. S \Ozt^^^:^ 

mmmmmztir>x\.^^ctf)m^{^i\ s \02ti^^ 
xmm-r^:itf)^x^^. ^■r^^:^t)^B20sJBiZJ^p 



a;Q:-rc<i:d*T$-5o B 2 O 3 3l(* P 2 O 5 ?S: 

£^#WLTl^>5^i^^i. S i O 2<^#WS;5^cnci:y 
3fE5^^a (;^<t^fi2<SlU±) -CfetifS, s i 0 2**:tf 
^ ffl B (c;3: T> T t \ ^ t) <0 i: ^;5:-r c <h 

s i 0 2^^:^^:^m^mgt^{zU^zt\zJ:'DX. 

^It. 3J-:/8!ST4 5 5 M P alU±X><»*U<. 4 6 
0 M P alU±^^<ty»$U<. 5 0 OM P alU±X?*$e) 

[0 0 3 9] m2(Dgl1$(d:. Sffi(O¥t^*aS»IK5g06»^ 

J^i^icH- 3 O°C;0^b+ 7 0"C^Cfct^T 10 0X10 
-7-1 30X1 0-7/K. »^U<lil 05X10 

-7-1 2 0X1 0-7/KC-r^cht*)(c. 

^$?#^>t«>cD$ifig€wrs:^^;^s«-c*y. cos 

!fS^«^-r^;y^Xfi. ji:^^I^^^ci:UT. S i 02. R 

o 2 ^"^^s z:ti?>ii^^m^'^(D^n^mmf)^e o^ju% 

tX±(Dfi^:^. Xli. 'SL^^^J&'j^tlyX. S I 02. R2 
O {tardly. RfiT;^;^ U^Mtc^^^-To ) . T i O 

2^#^. cnt):E^^i^53^iu^+<D#^:«^cD#*«^y 

§^i\:^^:KXifo^o JUT. c:ne)0;tf^;^^s i 02- 
R 20-T I 0 2^:W^X<hn*-SNc:t(c-r^o 

[0 0 4 0] m2(Dmm{zifs\.^x^. ji^:^mm(Dm^ 

it. ^-Zfm^X4 S 5MP aii:A±tim^U<. 4 60 
MP aJa±;d*J:yif^L<. 5 0 0 M P alUJi/><$ e>lC 

[0 0 4 1 ] ±iES i O2-R2O-T i O 2^:'f^X 
iCfctNT. S i O 2(i;b'^X^@< :^'^X<?DilHli'tt 
«:lS]±$-li'S^^-tfa&'S« R20(i. Si02#^^^ 

iaicjfi^(t^;b4C)(^fiE5i^T*y. Ti02(i. ±mm^ 
0 2c!:i5i«. ^nfcmm'\±^m^rcisb(Df&if^x^$>^^ 

[0042]SIO2-R2O-Ti O 2 ^;b*^XT 

R 2 0<hT j 0 2<?3S^Og^o^$ij®U/d:;&^e). 

mmoimp^x. mmmmizmifi^ti^^^^mmizjz^ 
cxmmmzmm't^z:i:t)^x^^. ^/jto-s. 

(S^>-lfPlcifitNCi:^mJ*'r'5o ) \zfj:^J:Vs R2 
OchT i 0 2<?^S^<^S^O^iSilUT. ;y^;^CD¥i^ 

mmmm^WL^vi'M^m\z^t>it^^tjz.tt>^x^^. r 

SnU. ;b'^;^(D5Si»*fTe>Ci:ICcl:ySiJia-r-5Ci:*<T 
[0 0 4 3l^j:fc. S i O2-R 2O-T i 02lR^^ 



1i 



(5) 



12 002-321 939 



[0044] ;^(C. Si02-R20-Ti02 

[0 0 4 51 S i OalCOCXTIi. -e(0#*a**3 8^ 

<li3 8-5 8^JU%. cfcy»SU<tt3 8-5 Ot;U 
%. $e>lc»SU<(i3 8-4 8^;u%. *SIC»*U< 
(i4 2-4 8^;U%T^-5o 
[0 0 4 6] 7;u:tiUifeilK{biaR 2 OiC-PtNTfi. 
n6(D^S/>n 5^;u%ifeaic;S:-5t. 9t\zmRl,itn 
^m%\z<<U^). 4 0^;U%^Si;t^<h;^'^XCDHil 

tt^Wfili. 1 5-4 0^;i/%X><»^L.<. 22-32 

[0 0 4 7] 'J^M^^k«I<hbTli. Na20. 

[0 0 4 81 N a 2 OCD^Wfili. 10-25 
»*b<. 1 3-2 5^;U%;&^cfcy»*U<. 15-2 

[0 0 4 9] K 2 OOD^WMIi. 2- 1 5^>!U%;5^$?^ 

b<. 4-1 5^;i/%X^^ci:U»^U<. 5-1 5^;u% 
;0^$e»fc»*U<. 6-1 5^;u%/?*— K<hfiF^U<. 
6-1 o^;^%;o<^#^c»^uc^o 

[0 0 5 0] T i 02lCOCNTIi. ^co#WMX>^ 7 
% * S (c ^ «h ^ CD il»flS14d<ffiT U ^ -r < ^ i <!: 

\t. 7-3 o^;i/%/^»*u<. 1 0 — 2 5^;u%d«J: 

y»^U<. 1 0-2 2^;1/%;&^S^>|C»*U<. 12 
-2 2^;u%X?^— g<h»^U<. 1 2 — 2 o^;u%x^<»# 

[0 0 5 1 ] A I 2 O 3 iCOtxTfi. S i O 2 - R 2 O 
-T i 0 2^:'3^XfCfcCNTffiSiat5i^TS)tJ. 

oT. A I 2 0 3<O^W«(i. 0-1 2t;U%X?<»SL 
<. 0. 5-1 2t;U%X><«J:y»SU<. O. 5-8t 

;i/%X>^$^lc»su<. 1 -8^;u%x?<— |$<t:»*b 

<, 2-8t;l/%;&^— ji»*L<. 2-6^;i/%X)^it#lC 
[0 0 5 2];a:iD. A I 203fiS i.0 2<t<t:t)lcW<g 



S I O 2 3 8 — 5 8^;U%, 

N a 2 O 13 — 2 5 tJU%. 

K 2 O 2 — 1 5=EJU%. 

T i 02 1 0 — 2 5^JU%. 

A I 2 O 3 0. 5 — 8^;U%. 

il^ai. »^L<fii 5-4 0^;u%. ci:U»^U<(i 
2 2-3 2^J\^%tUX^J:l\o 

[0 0 5 3] m2(DPMm(Dmm^m&-r^:h'^x{t. ± 

li. :h*^7.^^^jm<u. ^m^mmmmm±\z$bm(o 
(Di^H^^^^tsm-^. ctit>2«^5i^<D^a^. ±ii$)} 

m^^^;ti6(C2^;U%JU±i:^SCct;5<»*U<, SB 
ili14^eT$t^-/<i:t\>t«)(ci 5 ^;u%JaT<t-r§c 

[0 0 5 4] ^bic. mnrcm^mv^RU'^Mi^^m-o 

WS^o — 1 o^;i/%. Mgoco^^s^o— 1 3^;u 
C a O(D#*a^0- 1 ot;u%. S r oco#^a 

*0- 8t;U%. B aOCD^Wa^0-6^;U%. i: 

-r^z.t/)^j:^jB^u<. ^bic. MgocD^wa^i 

— 1 3^;i/%. ZnOC0#Wa«:0. 5-10t;U%. 
[0 0 5 5] ±iES i02-R20-Ti 0 2^^^:^ 

0-0. 1 ^;u%x?^»*L/tXo 

[0 0 5 6] ±iSS i02-R20-Ti O 2^:^^^ 
ICfi. »^tt$rS]±$"d:^>b<S6(C. Zr02. Hf 
0 2. La 203. Y 2 O 3 ;&^e>^'51¥cl: U Mfin/t- 
idiZ. Zr02, Hf02. La203, Y 2 O 3 (OS- 

St5^o#*afi, o-2^;i/%(ct- ^c:«tA<»*L<. 

0-1. 2^;u%<!:-r'5c:<i:X>^*<fcU»*btXo c 
nb#fiE5iMi. ^>!?o. 2^;u%iu±#:&$i±§c:<hlc 

[0 0 5 71 :^:»MOiM;^>^t>^tlttt^Ky. » 



(6) 



# 



002-321 93 



%(Dl'\,^>^=i\^. Nb. Ta. W. B, Ga. In. Ge. Sn. P 

b. P. Sb. Bk JeCD^mm^'^mwUX. :^^^(Dmifi 

[0 0 5 8] iWD^14. :h''yX(DW^. W-^^nm 

mmm^(Dniknt)^^mx,. sio2. Na2 0. k2 

O. Ti02. AI2O3. MgO. Z nOd^€>;te'5^' 

mm mmmm^ 120x1 0-7/K) , 7.T>\y 
7.m[^^-:/m] (1^1 1 ox 1 0- 7/K) fj:a. x 

Jg^lfi ic ct U S^>^a CO Pel (c^ D ^ iCcfc 

U>, ;t^'J>^>>U;U^>5^;u;'ci:<l:XllW(Ci£<ffllNe) 
n-5«*4Tt>I^K5ifi&SX?^ 9 0-1 5 0X1 0-7/ 

[0 0 6 0] ±i£S i02"R20~TiO 2^^"^^ 
[^-(Zf4m. ;PUX5^U>, 7SUX5^U>, TflUp^t^ 

[0 0 6 1 1 ^ j\^^-(Dmm(Dmmizr:>i^ 

[0 0 6 2] :^mM<D^^y ^ J\^^-lt. jSS^i^SJ^S 
it't^rctbCD^'^^'A^lzmi^^ti^'bOX^^J. ±iiE 
<D:^f^XS«±lc. iasW^(3DSi«*3IIIS<!:fSia*/f^co 

mmi^mm^i^ms a^ur^/i^t. 7t^^)i^<tL. 
[0 0 6 3] ±%^nmmmmmi^mm(D^nti^x{t. 

Ti02. Ta205. Hf02» Zr02» Ce 

02. AI203' Y2O3, ZnS, MgO, L a 2 

03, CdS, S \ ^±{f^Z,^t)^X^. fte:^. ffiStft 

mmmi^mmmntuxit. si02. MgF2, xh 

m(0^ncr>vt>. Ta 20 5. T i O 2 ^D^J: tJ»* U 



[0 0 6 41 ^^•7-<;u^-<^A> K/t;^4»'C>;ftS<os 

it. i«a-r^jK(^*#14 • ft^^#ict)«c<?f fccfc 
00X1 0-7^1 30X1 0-7/K(DlEHrtT 

;u^-o/\^>K/\'x*/i:-»^(^iagKU:7 h^. ±o. 

0 0 2 5 nm/KlUrt<h?f«fC/J\$<-r^Ci;&*flIfiE-r 

^-5o tofcisb. jKm^i^^w^mx(D^mf)^'^mx^ 

^fc. m^mnomm^timnxi^^rcib. mmm 
mxm{zmmmit(DP^mt>^±c^:it/)^^<. jkk^^ 

[0 0 6 5] . 5 ^m^f^<D}^mi&m^mit\Z:}S 

C^T. ^^^il^^n^'A^^'^Omm/)^ ^ O O G H z (5^? 
SHPB-eO. 8 nmXOii^. ?SgKU:7 h*<2. 5p 

m(0. 0 0 2 5 nm)XK^mX^^. yt^y-( )\^^- 

(Dmmmm^7jk-r^m<D/'<> KHiix^^ o . 2 n msg(^;^ 

ibiz. 1 oor {«?iJx.fi-3 0-+7 0'*c) SS<oaS 

mtxm^^'.&mf)^y 4 ji^ -(D^mmmz^m-r^ z. 
tiztji^cox^^^xh^o 
[0 0 6 6] ^^&^n^}&miSi'^<Dmm^^ 5 0 g h z 

mmmmxo. 4nm)(0«^. iaSHU:7hX^0. 5 
pm(0. 0 0 0 5 nm)/K^S^^<!:. J\^^ 

faisbiz. 1 oor (eij^ri-3 0^+7 o**c) geoia 

[0 0 6 7] ±iE^^>^^;u^-lcJ:tifi. a>Ka::^ 

4'/C^^S(?Di&SKU h*± 0. 0 0 2 5 nm/KJU 
rt. »*U<(is ±0. 0 0 0 5 n m/Kap*fl{Cffll^^ 

cchd^-c^v mn(Dis^m\zj:-ox^c^-^m^(o$>^}^ 
mmtiz^-DX. m^^^mt(i^^y ^ ji^-<o^mm 
^\zitLm't^zt^m±^^:^ttfix^. at^fsistt* 
m^z,t.t)ix^^o 

[0 0 6 8] $e>fc. 5t^:7>r;^t5^-(c:^Sffl$nTt^^ 
^y.mm(Dmmmm{z<^^yt^^mm(Dmm^m±-r^ 

Z.tt>iX^. iSff KU7h(OffiaSt<h'blcSt^^ilI14«: 

^f^^^y-iJi^'^-^n^^^tfj^x^^o 
[0 0 6 9] z.<DJ:z>txyt^y J\^ip-^^miyrc^^ 
jffiS(d:, ^^y ^ J\^^-\zi&R^mit^n^m^t^^m 
^-t^aiimt^m^m^rzt^y7^y'<-t. ^^y-iji^^ 

^ - (c« UXVimikibUmr^ z.t{zJ:^xm 
[0 0 7 01 s/t. ^-^ifiSii. 3t^7^;Ut$^-(C«U 



(7) 



12002-32 1 939 



[00 7 1 ] ±ie3t5i-»tg, jfe^jRtl (-SUT3t^^^ 
[0 0 7 2] 

[0 0 7 3] (^JSeiJl ~2 2) *^W<OWDM7-c;U 

■5. X. J»»K5S«ISfc<7)*«i«. 1 0-7/k-t?ft-5, 
5. R ' OI4. 2<ffifig5^ (7;U*'J±ia^MK^b#l<t:K 

[0 0 7 4] 

inzt&XLxmn-^^mi^x 1 2 0 o~ 1 45 oicts 

[0 0 7 5] 

[SI ] 





eiooo 1 


1 0.0006 


1 0.00)9 


80000- 1 


s 
s 

0 
1 


1 -0.0001 1 


0 
0 
0 


O 


1 0.0004 1 


1 0.0002 1 


1 LIOOO 1 


0.0014 


1 0.0017 1 


0.0020 


in 

i 


i 0.0008 1 


1 0.0013 1 


t 0.0012 1 


\ 0.0002 1 


0 

s 

0 
1 


0.0002 1 


§ 


0 

u» 
0 


1 106.6 1 


ioe.s 


ad 




0 


114.8 




o» 
o> 
0 


1 111.5 1 


1 109.9 1 


1 106.6 1 


d 
o 


u» 
e>i 
0 


100.9 


10 

CO 

0 


CM 

to 


CO 

ea 
0 


eo 

CO 


Cxi 


CM 




0 


0 


0 


0 
0 


cn 


0 
0 


0 


CO 


cvi 




0 


CO 


0 
0 


oi 


0 


0 


2i 


eo 
ai 


0 

C3 


0 
0 






0 
0 


0 


8 


0 
0 


§ 


0 
0 


0 


0 


0 


8 


0 
0 




0 
0 


0 
0 


8 




0 


0 
0 




0 
0 




8 


0 




0 


0 


0 


0 


0 


0 


a 




0 


0 


0 


0 


0 




0 


0 




01 






0 


0 


0 


0 


0 


0 


0 




0 


0 


0 




0 


0 


0 






0 




0 




0 


0 






0 


0 


0 


0 


0 






«o 




0 


0 


0 


0 




0 




0 


0 


0 


0 


0 


0 


0 


0 


r-. 


0 


0 


0 


0 


0 




0 


0 


0 




0 


0 




0 




0 


0 


0 


0 


0 




0 


0 


CD 


0 




0 


<o 

GO 


0 


0 


0 




0 


<o 

Oi 


0 


0 


00 


o> 




0 




0 




a 






to 
oa 




0 




0 


^ 

oi 


0 


xa 




0 




0 


CM 

(A 


CS 
in 


0 


0 


0 


0 


0 


o 


0 




0 




0 




0 


0 


0 


0 


10 








0 




0 


0 






0 


0 


0 




0 


<^ 

er» 


0 


0 


0 


0 


0 


0 


0 






0 




0 


0 


0 


0 


0 


0 


0 


0 




0 


0 


0 




0 


0 


0 


to 


0 


0 




0 


0 






od 




CO 


CO 




CO 


CM 

<d 


a> 
if> 


CD 


OJ 

od 


CO 


1*3 


CM 
CM 


CM 

n 


i« 

10 


v» 

tri 


to 


U> 

00 


C9 

06 


to 


u> 
to 


0 






cu 


CO 




10 


tn 


0 


CVI 


0 


tn 




A 


CM 
<o 


CO 


CD 


C9 


CO 


93 


CO 

CO 


oo 

CO 


in 
00 


<p 


0 

<ri 


rj 


CSJ 


cn 

OJ 


to 


0 

CM 


«o 
«> 


10 

oi 


u> 


e 

0 

CM 


0 
CM 


esi 


CM 

CO 


QQ 




00 
oo 


CM 


CM 


CO 

ei 


oo 


0 
0 


0 

G> 


0 

oi 


r- 


CO 


CO 


10 
0 


r* 


CM 
»< 




ev/ 
eo 




cvi 




cvi 


in 
to 


to 


CO 


eq 




r-. 

CVJ 


a 




to 

<0 

in 


in 




CO 
TT 


"J- 


CD 


o> 
o> 

CO 


<o 
eo 
m 


0 

a 


CM 


a» 
0 


cn 
vi 
m 


<r 




n 




0 

■V 


to 


to 


04 






CM 


CO 








r— 


CO 


at 


0 




CM 


CO 




to 


to 




CO 




S 







[0 0 7 6] f/i^s^^Sgei) 1 cofflfiE<0;tf^;^*»!lc«l 

[0 0 7 71 <Sin©IIJ6e9Tt)/'<<>5^(OSil-t^a{kl4 
[0 0 7 8] c:©J:5(Cf^Sbfc**5X«. 3 0mm* 



(8) 002-321 939 



- 1 mmUlcSPXUf^SlCWie^iSfiU. WDM:7-f;U^ 

[0 0 7 9] ^mmm<D:^'pxt^. ±fE¥i^i®^^?i 

10 0X10 - 7/K€3SX'5iit*^UTt\^o 

/t^t^^^^ilCcfc-Sf^ffiBSitt (laser interf erometry typ 
e thermal expansion meter) 4:fflCN;to 
[0 0 8 01 31. cn6<D**^x^l»*lcLTe^U;0^ 

xTt)MS(i 0.1% lUTT^y, mjf^it^mmx 
[0 0 8 1 ] 1 mmm<Dwm:h'^^mmun\zT a 2 o 

tfv IAD (Ion Assisted Deposition) ;±;5:<i^^fflC^ 
[0 0 8 2] dO^. T a 2 O 5^:tf^:^Sffia®i:S 

[0 0 8 3] ±%^§^mm^JB^utimJSLU$^:^-T^ > 
^mizm^x. 85*c-85x (*i*t>gs) -vsoomr^^m- 

[0 0 8 4] mmm) yyv>m^^^:^t.i.x2o 

=E)\^% P 2 O 5 - 2 0 =^)V% A I F 3 - 2 4 =E)V% C a 
F 2 - 2 0 =E)V% S r F 2 - 1 6 t;U% B a OtS^^i^fA 

3 0 N a 2 O - 7 0 ^:;U% S i O 2 ^ct^Jfl^^W 

f -5:tf^X*f^^Ufc. ^lii(i±KIISfiffJi -2 2<h|5| 
i§St;Sgfi:7^yu>^S:^'^XTiii 05 
o°c. TJlti^JiyV<r-h:h^^:^X{t^ 2 5 0'c-etTo 
Tto ¥l^l9S»)K5HS»fi7^yy>Kffl:;j^::^T(i1 2 5 
XI 0 - 7/K, z;U;b'J>'U^-h^^:J^r(i1 1 2 
X 1 0 - 7/KTfc^3;^o 

[0 0 8 5] cne»cD;^^x^»*(zL'a#ia^^c:icA 

0. 2 5%. t*#T(i5%Tfey. ±5i!i<7)#lliS«a):^' 

[0 0 8 6] (m^m 2 3 ) mmm s izTikurcmm^m 

T^. /\;U^tt(D:^^X^ 1X1X1 c micinxu. >Pt 

^f^zm^wmik. msiZTjkrmmi^^'izit^/vxm 
mufto asspwtts u s 4 1 0 (w-^mK^Mmmm 



110x1 0-7/K) TftfiEL;t« fflSil A. BSlJC 

g|5p°p2A. B(iaarv:{c:iiL.;t7K;uh^fflUTia^^ 

:M^x^mi^i-^mmx^^o ^^a^ a, bo^;* 

1 X 2 X 2 . 5 cm. sua 2 A. B(^^->4li 1 X 1 X 
1 c mTfe'So 

[0 0 8 7] ;b'^x*;^aica:s:?*. a^Tt^iH^xn 

rjOGIS 14-1975 7t^:tf5X(0CAr^<D}fflS:^ 
;ij iCf/eiN, ^iS (2 3''C) (Cfcl\Trtgpm^;&<Si;T 

°c^x)%&\^rzo z:(Dm(D:»^:^p^wz¥&^urcm^^ 
mmizfmurzt^z^. 1 nm^m^on. ^'^xtmm 
z^cft(ommmmsL<Dmizi&m'r%i^mwnt\zj:'Dxm 

[0 0 8 8] amm^) 7ttp>.u<r-h^7t^:b'^x 

BK7 (S I 02?&^7 4^;U%. B 2 O 3 t)^ 9 =E)i^%. 

N a 2 o;&n 1 ^;u%. K 2 o^<6^;u%) ^ 1 X 1 X 
1 crnlCllPXU. «|Sl^-5>2a^0f®?*. ll«6^J2 3<t 

lH|«fc@3^c7K•#-HS^SAfc^i$^T@^u;t, 

^S6«2 3chl5l#(C;b^^X^t>'@S>Sft^;^aiU. CO 
[0 0 8 9] (IIJfeffiJ2 4) m^ \Z7jklyrcmK^<DV^O 

My ^ j\^^-m:h*'^xmm<Dmm\z. mmvim^nizT 
a 20 5^ fssf/f^«*4fcs I o 2^ffltv yry^v- 
^n~m<D 1.55 Mni/s> K/N"x:7<;l/^ — ^f^^L 
>to (HL)7 H2L(HL)7H/^m<tU 

[0 0 9 0] ±§durcmmm{ts :M^y.m^mmmt}^^ 
^mfrmmm»mmLi&mimmmwmm^^^:K\z^ i 

m-f-D. iti ^mmm^ti. t<D±\z. mm^nmmmv^ 

mm^mm^i^mmmm'mimwkti^^mz^ 1 m-r-o. 

Itl 4liaH. ^UT^(D±[ciSHtff^Ra»»IK;&n 
^ n§ d ic ci: o xa^^ tiT I N >5 c *^^o 

[0 0 9 1 ] CCT\ fgSt/T^^mi*jSM<D£iJ^I^«* 
S i O 2 , ai®jff^SiSi*»IS<^a3*S*4^ T a 2 O 5 
iU. S4S;SS(i3 5 O^'CiUfco 

[0 0 9 2] - 2 0-+ 4 oror0lTO3t^:7>r';u^- 

HJfiffiJl 0(DiHJ5g(D^^X*ff!lfCi^i. +0. 000 

2x\m/Y.(o\%m^h^. ag$:£tt;^^^#^^[cs»-cfe 

|5l«<0Sffi*fft>;t<!:Cl5. a 1 fc^b/tr^hfeU. - 
0. 0 0 0 8 n m/K'-+ 0 . 0 0 2 0 n KOiit^t 

[0 0 9 31 ;S:te. A*t^lc*tf -SSiS&tXSWI^tt 



(9) 



12002-321 939 



[0 0 9 4] mmvimtinitmm^izitT \ oz, t a 

2O5, Hf02. Zr02. Ce02. AI2O3. 
Y2O3, ZnS, MgO, La 203. CdS, SI 
T^-5o ffi®t/f^«fKi^SWlC(iS \ OZr Mg 
F 2. T h f A'C^^o 

[0 0 9 5] z:(D^^^mmit. yyzfu-^o-mo) 

it. \NDMmtft^y^ju^-^ux»m{zmi^^^n^o 
[0 0 9 61 (mmm2s) z:(Dmmm2 s-cu. a 

6. 5^;U%Si02-3. 3^;U%Al2 0 3 -l 
9 . 6 "EJIX N a 2 O - 7 . 0 =EJ\^% K 2 O - 1 6 . 6 
^;U%TI02-5. 2^:;U%MgO-l. 8^JU%Z 

(Om^^^mU, >T-®lC>fiR 1 544nm. SOGHz 

GHz, 0. 4mm) (Dy7:/^J-^n—m=Fy^y 

Ta2O5iSrO2<^10 0 mi:Ji±(D^Kmmt)^h>/S: 
±ff ^X?^ 3 0 — 4 0 AtmT^-So 

[0 0 9 71 t^^^mm^mmi^rcik. n^-T^>^ 
*^^»jS;«^fBfi)c$+iJt®<Dii® it^^mmm) \z. i 

54 4 nmCO^JSI^tzi— 7".<>>/^SgL;to C(Df*. S 
mmX1. A mm\Z^^) ^{y. WSima^^^y^ 

^mtco t\yx. s-:7-f ;i/^-<Daiia+/^ifts<o;ass 

[0 0 9 8] E14IS. 0'*C;&^t) 6 oncfe(t-2>Sia*/6 
[0 0 9 9] C(7)cfc^fC, iagKU:7 h<7)??^x^^^<b*r 

[0 10 0] 0a^u/taeKu:7 hf*;iijs,#.iaes 



(Ci:'5-2 0t:-+4 0t:or^T<7)^i^{fi<!:l^Tfi. - 
0. 0 0 0 4 nm/KOfiid^f#e»n>t« 

[0 1 0 1] ZL(D:^^y.(o- 3 o*c— + 7 oric: 
teJt-S^ifelSBiSSiaii 1 12. 5X10-7/KT^ 

[0 1 0 2] ms\t. mmit^y ^ )\^^-(om 

\Z. Ta 205l^S^S i 0 2K*5!i:fcSHU;tafi£ 
[01 03] 0 6 (i. HJStW 1-22 C0;^'^;^g«^ffl 

[0 10 4] (JtRWl2) 7Ka>'U^-hiS3t^:^'^;^ 

BK 7^g®;b'^XlCfflC\. IIJ6ffy2 4<h[^8llCA>K 
z^;^ >f ;Ut$^ - ^ ft j5£ U >^ o 

[0 1 0 5] ny&m2 A ^mmz/^> \^j'^y.(D^,L-'&m 

COagtSStt^jllSU/SKhC^, 0. 0 0 5 5 nm/K 

(omf^m^H. ^^m<Dy ^ )\^^-\ztt^'c:'^s.'sm^ 

[0 1 0 6] mV&m2 6) ;*fC. *:^M<^ffeCOllSfi?B 
[0 1 0 7] HiSSffiji -2 2(Dp-&. i£M(D:h'^y.^m 

Al, A 2, A3^WU. <fe«^R^iS#J'r'5^^:7^>IU 
t^'- (4 A, 4B, 4C) ^i^^t^o CtlbOTt^^ 

mm\z]&mx^, A 2, A 3;!)^e»?5:'5fi^5t*A:^t" -5 

<!:. =&^-<;U^^-ilia?gCOfi^^^»:gA 1 , A 2. A 

3ic^n-eti5i^;«-r^cid^*T^§o -r^^j:*)*^. coct 

tf. >«^Ai. A 2. A 3(Ofl^^^»"r>5S^i:UT 
[0 1 0 8] @2li. 4o<Difi^SJ5!c5^*&tJfi-^3t;&^e 

[0 10 9] mmm^ -2 2(D^-e, ffmco:^'^;^^^ 

^T^^^UtJ'- (5 A, 5B. 5C, 5D) m^tft}& 

mmxmm^s^ e izm 2<D<kv icss ur^t^^^s^ 

W/S-r-So =&:7>r;u^-(7)SiSK:g(iA 1 , a 2, 
A3, X4t-r^o i^:yC^)V=E-\^yy^/^-9fT^ib^ 

il^n^m^% (aift:Ai. a 2, A3, k^tf^p'^ 

^Hlti^iD) $^>X8T=iy>-KUfe^. 020 

^o\zitij^]^mzxm^'^^. '&^k 1 mt^^y^ju 
/^-i oAic^^^n, 5^i'>^;i/A;^?^e>ai:^$n'5o 

aSAa. A3, A4 7tli. 3t^:7-f ;i/^-5 ATSS4 



(10) 



2 002-321939 



[0 110] >ft:g^S€illlCfcl\T. :*:*^^»tScr)>' 
#;j6:^^5i^lc>c:tbT. }^gH'J:7 hX?^±o. 00 2 

[0111] 

im^<Dnwi tx±,(DXo\z. ':^mmz^n{t. m<. 



[0 1 1 2] ^^B^ICctnii. gffiW^MT^'i^ 

[HScDSm^'ciiljiBfl] 

[HI] gl1li> :*^^W(c<^'i>:3t^:7-<;u^-o<^^« 
[112] 0 2(i. *^W(01tffiff!lT*S^^^;fttS^^ 

[03] lasfi. 
[114] m^\t. mMm2 s(Dit^y ^ )\^^-\z^i'f^ 

[0 5] 0 5fi. |ISfiflfl)2 4(D3t^:7-f 

[0 6] laeid:. HSfiffiJl --2 2(D:^'^X®ffi^fflCV 



[HI ] 



[0 2] 



4A itmy^f^ 





^i/*.;u D 



;gi4] 



[0 3] 

3 



»A2A 



V- 




rf 










r 




.J 







a. 

A -ai 



0 10 a> ao 



50 60 



mm m 




(11) 



12 002-321 939 



[@6] 



^ O4W06 



94 A lOQuO 102j0 



loao iiOLO wiS iitJi^Vsjiaio ii8.a 121.0 



(51) Int. CI. 7 

G 0 2 B 5/28 
6/00 
6/293 



3 0 6 



F I 
G 0 2 B 



5/28 
6/00 
6/28 



3 0 6 



(71)aiISA 592228756 

HOYA CORPORATION US 
A 

tf U>a>-y— ^;U960Si6 
960 RINCON CIRCLE, SA 
N J OS E, CAL I FORN I A 
U. S. A. 



{72)mmm P/K-h yyja- >?a>V> 

7-?t»J:^^*@. ^U:7;i-;U-T 94610, 

878 

(72)PIW« «PBa miB 
(72)^^* «IM 



(12) 



m 



2 002-321 939 



AA22 


BA23 




GA07 


GA13 


GA43 GA44 GA51 


GA62 






AA04 


BB01 


CCIO DA05 DA06 


DB02 


DB03 


DCOl DD01 DEOl 


DE02 


DE03 


DF01 EA01 EB04 


EC03 


EC04 


ED01 ED02 ED03 


ED04 


EE01 


EE02 EE03 EF01 


EF02 


EF03 


EG01 EG02 EG03 


FA01 


FB04 


FC01 FC02 FC03 


FDOl 


FE01 


FF01 FG01 FH01 


FJ01 


FJ02 


FJ03 FKOl FK02 


FK03 


FL01 


GA01 GA10 GB01 


GC01 


GOOl 


GEOl HHOl HH03 


HH05 


HH07 


HH09 HH11 HH13 


HH15 


HH17 


HH18 HH20 JJOl 


JJ03 


JJ05 


JJ07 JJ10 KK01 


KK03 


KK05 


KK07 KK10 MM02 


NN2g 


NN34 





